Abstract Sorafenib is the only drug that demonstrates a survival benefit for advanced hepatocellular carcinoma (HCC). However, the therapeutic effect of sorafenib is limited, so development of a more effective treatment method and second-line treatments is needed. Since the advent of sorafenib, clinical studies have been conducted with a variety of drugs and treatment methods, mainly with molecular targeted therapy, but almost all trials have ended in failure. The reasons for the difficulty in the development of a novel drug or treatment method include the diversity of mechanisms in the carcinogenesis and development of HCC, as well as the presence of background liver diseases such as chronic hepatitis and cirrhosis. Trials with immunecheckpoint inhibitors, which have an entirely different antitumor mechanism from that of molecular targeted drugs or cytotoxic drugs, have recently begun. Based on the results to date, clinical trials are now being conducted with enriched target subjects. In the future, providing more individualized treatment approaches for patients with advanced HCC will be essential.
Introduction
Hepatocellular carcinoma (HCC) is the fifth most common cancer in men and the seventh most common cancer in women worldwide, and it is the most common cause of cancer-related death [1] . Many cases of HCC develop from a background of chronic liver diseases such as hepatitis B virus (HBV) infection, hepatitis C virus (HCV) infection, alcohol consumption, and non-alcoholic steatohepatitis.
In Japan, HCC surveillance methods are established for HBV and HCV carriers [2] , but there is no surveillance method established for patients with non-HBV and non-HCV (NBNC) hepatitis; thus these cases are sometimes diagnosed only when they progress to severe advanced HCC. In addition, if people do not undergo screening for HBV and HCV infection themselves, the established HCC surveillance system for HBV and HCV carriers is rendered ineffective. Such cases are also diagnosed only after progressing to advanced HCC. In these cases, radical therapy comprising hepatectomy or liver transplant cannot be performed [3] . Often, the only choice is palliative treatment with transcatheter arterial chemoembolization (TACE) or systemic chemotherapy.
Even if a radical cure is achieved in HCC, the recurrence rate is high owing to the background liver diseases [4] ; thus, the majority of patients eventually end up requiring TACE or systemic chemotherapy.
The efficacy of TACE was ascertained by Llovet et al. [5] , and it is now one of the standard treatments for HCC. In addition to Lipiodol-TACE (conventional TACE) [6, 7] , which has been used conventionally, recently, drug eluting beads-TACE (DEB-TACE) administered as microspheres have also been used [8, 9] . The range of available anticancer agents and embolic materials has broadened, which is expected to improve the prognosis of patients with advanced HCC. However, this could result in TACE resistance or ineligibility [2] due to a variety of reasons, including reduced efficacy of TACE itself, vascular devastation, involvement of complex extrahepatic blood supply routes, vascular invasion, and distant metastases.
In these instances, sorafenib is the only standard treatment [10, 11] ; however, hepatic function upon initiation of treatment and the limited therapeutic effect are important issues that must be addressed. Furthermore, the lack of secondary therapeutic options is clinically problematic. In Japan, hepatic arterial infusion chemotherapy (HAIC) has been performed since before the advent of sorafenib, and a clinical guideline based on consensus has even placed HAIC as a treatment option for HCC with Vp4 or Vp3 (HCC with tumor progression in the main trunk or the left and right main branches of the portal vein), together with sorafenib [2] .
In this review, we will summarize the current status of systemic chemotherapy and HAIC for HCC and the developmental status of novel drugs and therapies.
Systemic chemotherapy Sorafenib
Sorafenib is a drug that suppresses tumor growth by inhibiting serine-threonine kinases Raf-1 and B-Raf, the receptor tyrosine kinase activity of vascular endothelial growth factor receptors (VEGFRs) 1, 2, and 3, and platelet-derived growth factor receptor b (PDGFR-b), and by inhibiting tumor cell proliferation and angiogenesis [12, 13] . The survival benefit of sorafenib, the only standard treatment for HCC, was demonstrated in two global phase III clinical trials, the SHARP trial [10] and the Asia-Pacific study [11] for Child-Pugh A advanced HCC. In subsequent sub-analyses [14] , sorafenib was suggested for various tumor situations such as a TACErefractory, macro vascular invasion and extra hepatic metastasis.
Clinical issues with sorafenib
The efficacy of sorafenib as adjuvant chemotherapy after radical hepatectomy and after radiofrequency ablation has not been demonstrated [15] , and while there are ongoing studies investigating a combination of sorafenib and TACE, the efficacy of this treatment has not yet been demonstrated [16, 17] (Table 1) . Therefore, the timing of switching from TACE to sorafenib is also clinically problematic. A definition of TACE refractory [2] has been proposed, but in Japan, there are a number of available anticancer drugs and embolic materials; therefore, there are some instances when it is difficult to determine the optimal timing for switching from TACE to sorafenib. In the SHARP trial sub-analyses [14] , the hazard ratio of sorafenib against placebo was best in BCLC intermediate stage. When Ogasawara et al. [18] and Arizumi et al. [19] retrospectively compared two groups that satisfied the definition of TACE refractory, one group that continued with TACE and another group that changed to sorafenib, they reported that the sorafenib group had a significantly longer survival period. Therefore, we consider it important to understand the optimal timing for switching to sorafenib. At present, the OPTIMIS trial (NCT01933945) is being deployed globally as a registry trial with the aim of monitoring overall survival (OS) and duration (in days) from the time of TACE non-eligibility to death due to any cause, and we anticipate that evidence for the appropriate timing of switching will be reported by this trial.
Development status of novel therapeutic drugs and therapeutic methods
After the advent of sorafenib, there have been various molecular targeted therapies investigated in phase III trials as first-line and second-line therapies. The outcomes and development status of each of the drugs are described below and shown in Table 2 .
Molecular targeted therapy

Brivanib
Brivanib is a dual tyrosine kinase inhibitor (TKI) of VEGFR and fibroblast growth factor receptors (FGFR). In a phase II trial using brivanib as a first-line drug, median progression-free survival (PFS) was 2.7 months and median OS was 10 months [20] . The phase III BRISK-FL (first-line) trial compared brivanib with sorafenib, and the BRISK-PS (second-line) trial used brivanib for cases of sorafenib non-tolerated or non-responders. In the BRISK-FL trial, the median OS was 9.5 and 9.9 months for brivanib and sorafenib (HR 1.06, 95 % CI 0.93-1.22, p = 0.373), respectively, and the study was unable to demonstrate the superiority or noninferiority of brivanib compared to sorafenib [21] . In the BRISK-PS study, the median OS was 9.4 months for brivanib and 8.2 months for placebo (HR 0.89, 95 % CI 0.69-1.15, p = 0.331), which was not a significant difference [22] .
Linifanib
Linifanib is a dual TKI for VEGFR and PDGFR.In a phase II trial, the results were as follows: median PFS, 3.7 months; median OS, 9.7 months [23] . In the LIGHT phase III trial of linifanib as a first-line drug, the median OS was 9.1 months with linifanib and 9.8 months with sorafenib (HR 1.05, 95 % CI 0.90-1.22, NS), which indicated that linifanib was neither superior nor inferior to sorafenib [24] . In addition, several adverse events were A press release has reported that this trial has met its primary endpoint recorded in the linifanib group, including hypertension and hepatic encephalopathy.
Sunitinib
Sunitinib is a multikinase inhibitor that broadly inhibits VEGFR, PDGFR, and c-kit, but the phase III trial (SUN1170 trial) conducted as a first-line trial had to be discontinued early owing to the potent toxicity of sunitinib. The median OS with sunitinib was 7.9 months compared with 10.2 months for sorafenib (HR 1.30, 95 % CI 1.13-1.50, p = 0.0014) [25] .
Erlotinib
Erlotinib is an epidermal growth factor receptor (EGFR)-related tyrosine kinase enzyme inhibitor, and a randomized controlled trial with sorafenib ? erlotinib versus sorafenib was conducted as a first-line phase III trial (SEARCH trial) for advanced HCC. The median OS in the combination group was 9.5 months and in the sorafenib group was 8.5 months; therefore, the superiority of this combination could not be demonstrated (HR 0.929, 95 % CI 0.78-1.1, p = 0.408). Potent toxicity was observed in the combination group [26] .
Lenvatinib
Lenvatinib is a multi-TKI for VEGFR1-3, FGFR1-4, PDGFRa, and is rearranged during transfection (RET). Phase I and II trials were conducted for Child-Pugh A advanced HCC resistant to standard treatment. The response rate was 34.8 % and the median OS was 18.3 months (95 % CI 12.8-), which is an extremely promising result [27] . A phase III trial of first-line treatment (E7080) is currently underway.
Everolimus
Everolimus is a mammalian target of rapamycin (mTOR) inhibitor. In a phase III trial (EVOLVE-1) conducted as second-line treatment, the median OS with everolimus was 7.6 months compared to 7.3 months with placebo (HR 1.05, 95 % CI 0.86-1.27, p = 0.68); thus, a superiority in terms of survival was not demonstrated against placebo [28] .
Cabozantinib
Cabozantinib is a multi-kinase inhibitor that inhibits MET, VEGFR-2, and RET. A phase II trial was conducted for patients with advanced HCC with a history of systemic chemotherapy, and the median PFS was 4.2 months, which is a good outcome [29] . A phase III trial (CELESTIAL) of cabozantinib as a second-line treatment is currently underway.
Ramucirumab
Ramucirumab is a recombinant IgG1 monoclonal antibody that has a high affinity for specifically binding with the extracellular domain of VEGFR-2. In a phase III trial (REACH study) as a second-line treatment for advanced HCC, the median OS was 7.6 months in the placebo group compared to 9.2 months in the ramucirumab group (HR 0.87, 95 % CI 0.72-1.05, p = 0.14); thus, the efficacy of the treatment was not demonstrated [30] . However, in the sub-analysis, the efficacy of ramucirumab in patients with alpha-fetoprotein (AFP) levels [400 ng/ml was promising; therefore, a phase III trial (REACH-2) is underway for the AFP [400 ng/ml population.
Tivantinib
Tivantinib is a selective c-MET inhibitor, and in a phase II trial as a second line treatment, time to progression (TTP) was 1. 
Regorafenib
Regorafenib is a multikinase inhibitor that targets VEGFR1-3, c-kit, RET, BRAF, PDGFR, and FGFR. In phase II trials targeting patients previously treated with sorafenib, the median OS was 13.8 months (95 % CI 9.3-18.3), which indicates a good outcome [32] . Based on these results, a phase III trial (RESORCE) is underway with regorafenib as a second-line treatment. Just recently, a press release has reported that this trial has met its primary endpoint of improving OS (http://press.bayer.com/baynews/ baynews.nsf/id/Phase-III-Trial-Regorafenib-Patients-Unre sectable-Liver-Cancer-Meets-Primary-EndpointImproving? OpenDocument&sessionID=1462393761).
Cytotoxic chemotherapy
FOLFOX versus doxorubicin
This trial was conducted in Asia as a first-line treatment, but the overall response rate with FOLFOX was 8.2 and Clin J Gastroenterol (2016) 9:184-190 187 2.7 % with doxorubicin. The median OS was 6.40 months with FOLFOX and 4.97 months with doxorubicin (HR 0.80, 95 % CI 0.63-1.02, p = 0.07); thus, a significant difference was not observed, but a subsequent post hoc analysis suggested a statistical significance (p = 0.04) [33] . Conducting a phase III trial with sorafenib seems to be difficult, but in the future, FOLFOX may be an option for sorafenib non-responders.
TS-1
In a phase III trial (S-CUBE) with a second-line setting, superiority over placebo in terms of survival was not demonstrated [34] , but the results suggest the possibility of more specific populations gaining more benefit with TS-1 [35] .
The results of almost all of the trials were disappointing for the presented drugs, but the reasons for this include problems such as low response rates, adverse events, and differences in background liver diseases. The response rate in the current ongoing lenvatinib phase II trial [27] is comparatively high, and it has promising results. However, based on the findings from previous clinical trials, such as those with tivantinib and ramucirumab, phase III trials with enriched targets are underway.
Immune-checkpoint inhibitors
Recently, the efficacy of programmed cell death 1 (anti-PD-1) antibodies, cytotoxic T-lymphocyte-associated protein 4 antibodies, and others, against malignant tumors has been reported [36] [37] [38] .
Studies of tumor immunity in HCC have reported a correlation between the high expression PD-L1 and tumor progression and prognosis [39] , and researchers have also shown a correlation between the presence of CD3?CD8? T cell lymphocytes in tumor tissue and recurrence-free survival [40] . A phase I clinical trial with nivolumab has been completed, and there have been responsive cases [41] , so there are high expectations of clinical applications. There is currently a global phase III (NCT02576509) trial underway.
Hepatic arterial infusion chemotherapy
Typical examples of agents used for HAIC include IAcall Ò (Nihon Kayaku, Japan) one-shot intra-arterial injection [42] , low-dose 5-fluorouracil and cisplatin (LFP) repeated intra-arterial injection with a reservoir catheter system [43, 44] , and 5-fluorouracil continuous intra-arterial injection with a reservoir catheter system in combination with subcutaneous interferon administration (5FU/IFN) [45, 46] . The results of phase II trials with IA-call Ò oneshot intra-arterial injection reported a response rate of 33.8 % [42] . Recently, in the sorafenib ? IA-call versus sorafenib phase II trial (HCC_Sor_CDDP_rP2) a potentiated effect of HR 0.74 is anticipated with IA-call [47] ( Table 3) . A phase III trial has been planned.
Slight variability was observed in LFP and 5FU/IFN regimens, but both treatments were reported to have a higher tumor reduction effect than sorafenib [10, 11, [43] [44] [45] [46] . While their efficacy has not been demonstrated in prospective studies, in Japan these regimens are often used as an option for advanced HCC. Several reports have revealed that both regimens could also achieve tolerable outcomes for HCC with Vp3 or Vp4, which are known to be poor prognostic factors [43] [44] [45] [46] ; therefore, HAIC is listed with sorafenib in the consensus guideline [2] , and in some cases is used as first-line treatment. Unfortunately, in the recently implemented SILIUS trial (sorafenib alone vs. sorafenib ? LFP) LFP had no potentiating effect on sorafenib; however, in the subanalysis, the efficacy of LFP was suggested in Vp4 cases [48] (Table 3) .
Future prospects
Many trials for the development of new treatments for advanced HCC, particularly centered on molecular targeted therapy, have flourished since the advent of sorafenib, but the results to date have been extremely disappointing except for that of regorafenib treatment. Treatment development for HCC is more difficult than for other solid tumors, possibly because of the high diversity in the specific mechanisms involved in the carcinogenesis and development of HCC, as well as the presence of chronic liver diseases in the background. Even with extremely promising drugs, there are many instances where the drugs had to be abandoned part way through development due to potent adverse events. Recently, clinical trials have commenced with immunecheckpoint inhibitors for HCC, and their clinical development is moving to the next step. In the future, however, it would be preferable to progress with development of enriched trials in populations where a high degree of anticancer effect is expected, based on the results of previous clinical trials, while bearing in mind the liver diseases in the background. There is a demand for more individualized treatment for advanced HCC.
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